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ABSTRACT

We preaeat res Tog to dat2 fron an exparfmont in progress by on Levine,
Log Alamoa, and Moaylaad collabor.ae tou at rhe Los Alamcg Hieson Physfes Foellivy
(Fax FF) baam stope Wo have  observel a stomal conilacent with v o.a alastic
acattorfayg I a 19-metcic~toa detector cow posced of @atalag of wlash chaabers ood
actet LLlation counievs, A prallotnary crosa seetben tor thibs pracess s econpaed
Lo that erpected frea the GW3 nadel  that iacladayg (he Lturariorence bhetueen
clinnaed and neatral curronts, Ve oo sot Jafls on the probablliey  for exotle
i .lm_.-|¥ u+'._-:v‘\'|n et e thr nontging esellbitien mode UHD‘J” Lrom novial wcuon
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INTRODUCTLON

Purely leptonic prucesses, such as v-e (lastilc scattering, provide criti-al
tests of the validity of the electroweak thlizory of Glashow, Weinbers, and Sal. ul
{i%8). Thare ave several Irportant checks on cur current understanding of Ll
el »ctroweu interaction that iwrould b provided by an accurate weasurcaent of v, o
scattering. This puocess 13 medliated by both charged and ncutral curreuts. A
‘mmasurement of the totul ecross secction for v,—e¢ at the =25% level of pro:lsfon
would be sensitive enough to obsarve the ini-~rferonce between Lhe chor;ed and
neutral conrveats and, 1f  present, to detarmlne the sipzn ot this fat :rfarance
(L. 2, constructive or dastcuctive), This 14 an impo. fuat chack on rhe st lacd
Ladel of the eleciroveak 1iataractlion, Wa also unt» that olsarv. tion of Lhe
farerferone - ld desonsrrate that tha outjolog arutrine from the  uwewtoal
crvrent fa L:tteal to the oatpolag neutrino from the charyad current;z

In ditioa, {mportaant cne~ks on the validity o the natuve of

lepten -cons:evat 4on 113 and possible miximg of urutrinus can b wade, Nanmaly,

fn a beaa-dunp expr:vfrent at mediun-enerygy Cacllities, auw vqual noher of v, ¥, ,

wtapt ¥ daecdy soquonee,  The produetion of -Ge' which

e
Sl o, 2o poadusad by rhe

o l
'
[

r b pornally  throvgh the  analogous 1 decey  =oquence, Ly hiohly

3

cappracoad (1007 er are) dun o te steppedspton Tateractivas o the  been Lvup.

Thovs ubaoacvatTon of '5(, Latera:s tlons at a cate hisher than e Jted il daply an

A lowg e chialsa exises for productng V o oporsible s hands o wonld o be

[Eh
tr aetle wcoom deeay ll+’~'."‘-’"73., ov tunr neobr'ao osckll et g ando 7.‘,‘ ‘-'\3(_ whare thoe
'\'J" ceoarg Frem warsal a1 deeav ||;'bcl"\'1uv". Frotle mign docay f4 aak ddlowed Ly

S BT pepon aeboor comseovatfon Taw, Yar s allovel ctih s anlednlleoar dve
Lw, Hoasol suon doedy Lo altowed by oftia -0 a'ldve o ali{pllaatten 1y,
Teutrino osefliatlors require that there efaty a4 non-zero wig efgeastde o0 he
neutting ayctem and that thive exfats a coup'lnyg chat mixey neutrice typoes,

Wa  precant oor resalts to date from an Trvine--Loa Al ag-Tarvlaand
colltaborttys ecxportaeuat condact ol at b LAGEF beawa zeep Inochich we e
ot tmved cvents (,nu--l::t.'nt with v, v elaatte Lattediny, A prdYhataary  cuar
roctfon for thia fataractdon fa ¢o o pated o thecry, W have seaeis d for anl not
fomed oventa cont{=tont with o f=eldent iﬂ. Thig allows ua tay =or Hafrs on
dentrfan onefllortona o the typ o 0"'-\-1“ Al e the it pht-atf oy tepton auml o

conorvab faon ael ne
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EXPERIMENTAL SETUP

The neutrino detector consists of 40 wolules of scintillation ceinters and
flash chambera, Each moduln 19 composcd of four scintillator slabs, each 76 cm
wide, 305 cm long, and 2,5 em thick arrang:d into a single layer of 305 ¢m on
cach side, These provida cnergy and encrgy-loss {diF/dX) information that is
required for the logic trigger, The trigger 13 provided by a culncldence system
(ADL) vwhich requires that at least threa adjaccat layers of scintillators
register a pulse heipght of more than =0.9 MuV but less than 216 HeV.3 The flash
chambers are arranged into 10 layers of alternati-«z coordinate readeut (£ive
horfzontal and five vertical planes) in order to provide tricking .oforiition,
They are pulsnd after a coincldeonce s registered by the ADIL"3 that is not
accompraled by actfl-ity in an anti-colneldenca shicld ecithi.r colncident ' feh  the
trlg;:e or un to 20 ius befure the tvipger. ‘This delay L4 necessary to eliripate
cosmic nauond that enter the datector, stop, and subsecquently decay, Due to the
697 duty facier of tihe LAMPF maachirce, an exteasive cati-coilncidence shield
cononsed of four laynrs of outruded-al-urinun proportioual tubes  located hetwoen
taad, {roa, and cor sote ahialding sureoands the centree! ddatector on all gides,
The chambora ara operar2d 14 a two-out=of-ftour cotncl'nnce rcouicerent ond
athelve a realidnal fneitlelovrey far chargod parclcel 3 of '2*10"5 with a dnad time
of Tens thon 157 to vhe experinent, The ernorgy-cesolution €roa the seintlllators
(i ~%10%, sod the amular rsolutlon froa the £lash chasters Ly <47, The centoer
ol tha detretar 13 Tacated alout 9 [eom the ram stop,

Nata were aceumalated dering the LAMPFY boaa-splll i "aa and alse whan the
boam  var off, Tvpleally, tha beam racrvostrncture wesg 750 ps bram-on fol 'owed hy
7.99 wa beam-otf.  Beam-of€ Jd:ta vere taben approesxtmaiely Conr tluwen asz Llong  as
hodw -on data between the beaw-on 2pllly a0 that the unceerealuty of the exporiment
w.ar not doaincted by the be m-of € subtractfon, The tic:-averaged proton  current

A 60N pA (1.7*1()l5 protons/a)  with  700-Me¥  kinetic cnerpgy Dweld e on the
brrn-stop for Lhila data saaple,

e detecton was paloed approgfmately oace per 10 Ltve seewmds by eveots
dhilehr pagsed the trder requieecaentas, Db srere cecocdud oo magtfle tepe thot
reprecented the g ash-cchackor data, the pate - hetghe ond tlaes of the coloetldent
sefatftator data, the pul-eshetphe and tfeed of actatfllators Lhat hiad »1 M.V of
caergy depoasited dueley che V2 g portod before the eveat, the gl helght and

e of the setottliatorn that had 22 MoV of coaergy deposited durfng thy 08 na



after t"2 event, and the hlstory ot the astlccunters during the 32 ns preceedins
the event, In addition, calibration events of mucns that entered the detector
and subksuquently decayed and muons that pass.d entiraly throngh the detector were
ta:n approximately cvery 10 winutes. A total of atout 3000 evcuts wes tak:n
each day. Data were accuaulated Jor a total of 0.97 Ampere-hours of protons

(2.2*1022) on the beam atop.
DATA PEDUCTION

The first stages of (data reduction removed those events uvhich were inducdld
by eonsmlice eveaty that remained after the hardware trigger. A f£iduclal volumn en¢
was Ilmposcd that removed those events that passad through the first or last
layers of tha detector or those that passed within the 5 ca near the slde, tup,
or bottua nf Lhe detector. Events that had no reconsiructable track in any vicy
of the flasii-chanbers were also removed., 1In addition, high enerxy events (energy
depcsitad in the sctatillator of >50 ¥ V, eorre poadlng to adort 100 M.V total)
vere raeoved,  Thesn cotsd, deslgnated as Tev:l 2 ents, redue 3 the aumbor  of
evenls Ly aboat a factor of 10,

RORTH of tha sumalaing events vere voaoved hy tigh onler the  Jdi/d¥
cequivesent, Thls recoved nany proton-recolls and alectron~-posltrou  patrs  that
cane L nenkeon-ied-ead | events (Loih beam-rsnoct ted ard coswic).  Fvents rhat
record:d (porgy In moce than ena contf;uons  greup  f  scintfllatore were also
resoged, Thene  entyg reduced the dara g, ple by alonk cnether factor of 10,  [n
nrder to dacrrase the sopslelvity of  the results - o resddual  Seag-assoclated
acutron Indueed  evontd,  ears were  also feposed Lo vequice that at least four
ddfacant tayery of sefntflUlotion counteryg had  pu? se-hefpzht pakteras  consintest
with a slagle eleetvon with the total recorded enersy grester than 39 Hev (total

entrygy preater thaa %% Mov)

VCNTE CARTO BiMULAT N AND LEFEGTTON SFFLOLENCY
!
A llonte Carin slbeab:tHoa of the detector was developad so that the  redponra
of  the detector Lo oloctrons conld  be understood, Thias tnelubed radfative
ener v -tass and prodoctfon of secondac | 4 Fron photon converslon, The core  waw

h

the EGS eody® Ta additlon, several aspeats of the reconsitenctlon offfelency and

resaltutlone were ande atosd by pasaboy caltheat ton events through  the  analysly
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code =2nd by generating calibratlion events in the simulation, Fig, 1 liows the
observed cnergy deposited in the scintillators for stopped muon decays from
cosmic muons, The predicted spectrum genacvated by the sinulation and th.-n
filtered throu;,b the same curs as required by the analysia coie 13 also shown.
The agccereat provides confidence on the ability of the simulation to duplicate
the absolute cnergy scale of the apparatus,

By oxamining the scnsitivity of the cxperiment to pn:sibla unc:rtaintfies 1.
the eneigy scale and to the analysis cuts, we are confiden:c thit we undecsta:d

tha ahsolute efficiency of the detector and of the analysis code to *3Z.
RESULTS

Tiie results we have obtained to date are show: ia Fig. 2. This siowg  the
angular distribution of evenrs thut have survived the trig::r and analysfs cuta,
Filg. 22 shewy both th: baam-on and bear-off anpular distribution wovaalli:.d to
nguaial live tiis after the Level 2 cnts,  Aa excess of bewm-on cseats Ls cloarly
sann,  Fig 2b shows che beam-assoclostnd cvents chat have passed all the analysis
ents, The paak wilth c09d > 0,96 1s kincatieally counslistent wlth v-a elagtis
scatterlng, A backgronud of eventy that contribute tn the signal ac all eaagleds
Lt alse vvideurt, 17 rentrlbutloa of bonua-arsociat .d eveaoes feon pentron--Lndue 2l
avenks had boen studled dur'ng a serles of neasurcuents in which the shlelding
L twean  the bean stap  aad the dotector was varled. The results of this study
Lidleated thiat the bctrround from ncutron eveats =ar 02 was ¢5% of the expect.ad
v-e  rate, The peak near 02 contoalis 24.4'6.8 evants; ¢ sublroctfon of 1,053.0
evints L applied for events that contelbut: st a1l aneles, This leaves 20,4470
eventyg  conctfatent wilth o v-a geantovtayr. To coupsare thoa aunbe of cveonts with

theary, b GRS pLodlclfons fou nlnzﬂ”-ﬂ.ﬂz wora  pacspratad o thae gtanlaction,
This  acloded  the aecutrino flux amd uneertadn.y  (*12%), the efflcleney and
wih ertabary of the ahsolate cefy e Al caergy depestition efflclruy for Torvard
polug recoll  eleetrona (M8Z), sed Ll ceceonstinerfon and eut eE laloney (EW0)Y,

woeen gnen fore the ease of

The sfeatatfon pqullvtq that 16,7539 e eakg wonld hav
deatructive  Interforonens, Likeut oy ve vould Love enpected 45.400,6 cvents fov
constraet fve Tatorforence ) sod 31235900 evenrta for no Lateclorenen botweon  the
reuteal and elareed currenks,

ey the prelC taary venales of thta expecteent to dote dhow apnree aont with

that eopected frem the GR35 model ol destruet v foterfercenee aud role out
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constructive interfercnce at the 90% confidence laval (c. 1.)., The uncertainties
are presently too large to claim that the interference between the charged and
ncutral currents has beecn observed,

In order .2 extract a cioss secilon for v, -e elastic scattering, tio

coutribution of vy and Gu induccd events must be subtracted. Using the GUS model

for the racoll eclectron disztribution with current values for the cross scctions

for v,-e and v,-e scatteriny and the flux of v, and V, frem the beam stup,

0.7x0.2 event would be expect~d in this sample from v -e scatteriug and 3.4*1,2

H

events from Vu—e scattering. This 1s uot signifi~ntly different from the nuuber

of Yy and Vu cevents which would be subtracted by using GWS predicticns. Thus the

data are left with 16.3%7.5 eveats consistent with v —e scattering. The total

cross scction for Va—e elaatie scattering La

)
(10.6%4.8(stacistical)£1,9(systenatic))*10™ % (CeV) em?,
In ordar to search for events that could have been indu.cd by Ge recact.ang

elther fron 5u+3e oscillations or from exotlc r''on decay, the kin~ratic regions

cnaf > 0,96 and recoll clactron erergy <35 MeV (obsaerved wuneigy <23 MeV) were
eliminated. The angle was choucn to eliminate v- a2 elastic candi-lates; the energy
was cliosen to ba greater than that expected firom the ve-lzc » e—lzN (all star .)

reaction,  The limta Carlo code wns uced to slumlate the Fup=u+n reaction, IFf

100% of the ut d :ayed to e"v ¥ | then we would have expected 750130 cvents to

e’
satisfy the telioger and analysis voqoiremeats. Since 58 cvenals vere observed,

the vosalt 1 thot tho raiio of oxotle u decay to normal p d:icay 13 less  than
.U:! at th':‘. 90z Ca l.

For neatrino wseillations of rhe type U +V , the expsated wumber of Y, tor

an infefally pure state of Vv, 13 hiulnz(ZJmix)ulnz(1.27L(Am)2/H), whire N is  che

u
fuftfal numbaer ot ﬁu, Am Ls thc a3 difference  between the two usatrion
masg-cleustaraes fn eV with mizing parameter uinomix. L is the distsnce from the

beam stop to the detector in meters, and E 18 the energy of the neutrino In ii-V,
[ntegrating the acceptiance over the allowed ranges of L and B, we {ind thae

asymptotle Limits For neatrine oselllation at  the 997 confidence level ace

(Am)2<0.61 eV: (hnrﬁu ulnz(Zﬂm’x)) and nlnz(zﬂmlx)<.045 (lar;e (Am)z).

FUTURE PLANS

We are {n the process of teklug several more montha  of  data this  swmeer
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(1984) with additional cosmie siulelding that shauld reduce the bean-off to
beam-on ratlo fer posaible elasilc scattering uvents to better than the 1 to 1 va
currently bave. We will alio attempt to rudnca tha trigger thersholds so that we
can increcase the low-energy eificiency of the etcetor, After this suumer,
additional materlal will be plhced betw:cn the beax-:top a2nd tha dotectwr in
order to reduce tli» beam-associated si:nal from n2utruso-induced events, In
eddition, a separaie experiment will k2 conductnd that wlll deternine the
nentrino flux per incident nroton frem the LAIYF beam stop., We expect that we
will be able to i{ncrecase the cfficiency and cuniequently reduce the uncectainties
of th2 anslysis compared to the lonte Carloa simul:iticn of the performance of tla
detector, These factors should allow the systematis uacertainties to be riduced
to below *10%. Yo also expect a s.!-tantdal fncr2ase in the wsample of events

consistent with v,-e scattering.
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Fig. 1. Energy den.sited in the scintillators for zusmic-ray
Tha Maonte Carlo simuv tation 13 alio shown. The gains of the

datermined by minfmum~ioni:ing pacticles passing threugh the entire

Fig. 2a. Number of events that pass the Level 2 cuts for both
hoan—-off vs the cosine of the angle L:tween the recnil particle and
of tha necutrlno souicn., 1ue beam-off events have becn nermalized
ancunt of live-tima as the besm on . .uuts,

Fig. 2b. Excass of bLeian-on aevents aiter final cuts v3a the

ainrle betwean the recoll particle divection and the direction of

nuon . - :ays,
counte g were

detector,

bezm-on and
the direction

to an equal

cosine ~Ff thn

the neutrino

sourca, Mevrrino—alectron secatteringg events are oxpected to concentrate near

9-6Y (cosG41,0).
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